Abstract: Total lipid contents and fatty acid composition of 13 marine fish species namely, "jenahak" (Lutianus agentimaculatus), "kebasi" (Anadontostoma chacunda), "duri" (Arius cumatranus), "tenggiri batang" (Scomberomorus commersoni), "kembong" (Rastrelliger kanagurta), "kintan" or "sebalah" (Psettodes crumei), "kerisi" (Pristipomodes typus), "kerapu" (Epinephelus sexfasciatus), "gelama kling" (Sciaena dussumieri), "malong" (Congresax talabon), "laban" (Cynoglossus lingua), "yu 9" (Scolidon sorrakowah) and "bagi" (Aacnthurs nigrosis) commonly found in Pulau Tuba, one of the islands surrounding the popular tourist destination Langkawi in Malaysia were determined. All fish showed a considerable amount of unsaturated fatty acids particularly those with 4, 5 and 6 double bonds. Two physiologically important n-3 polyunsaturated fatty acids (PUFAs), i.e. eicosapentaenoic acid (EPA) and docasahaexaenoic acid (DHA), made up of more than 50% of the total PUFAs. For saturated fatty acids, palmitic was found to be the major one in all types of fish studied. Based on DHA, EPA and arachidonic acid (AA) contents, "gelama kling" was found to be the best source (23, 11 and 7%, respectively) followed by "kerapu" (21, 10, 9%) and "sebalah" (19, 14, 4%).
INTRODUCTION
Fatty acids of fish oil have considerable distinguished characters compared to fatty acids from other sources (Shahidi, 1998) . Fish lipids and fatty acids composition stem from observation of the diet of Greenland Eskimos whom were observed to have lower incidence of cardiovascular diseases Currently, it is known that fatty acids of fish flesh are the most beneficial for human health due to its high proportion of unsaturated fatty acid. Fish lipids are well known to be rich in long chain n-3 polyunsaturated fatty acid (PUFA), especially eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). These fatty acids play a vital role in human nutrition, disease prevention, and health promotion. Above and beyond that, humans can not synthesis n-3 fatty acids and must be provided through diet. (Bang et al., 1976) .
The clinical trials show that consumption of long chain n-3 PUFA reduces the risk of coronary heart diseases, lower the incidence of mild hypertension and diabetes, and prevent cardiac arrhythmias and sudden death (Skonberg and Perkins, 2005 ; Leaf and Weber, 1988; Conner, 1997) . Long chain n-3 PUFAs are known to be essential in neural development in the infant in utero and during the first few years after birth (Çelik et al., 2005; Alasalvar et al., 2002) . They are also found to have beneficial effects in inflammation, arrhythmias, psoriasis, aggression, depression, inflammatory and auto-immune disorders and cancer (Haliloǧ lu et al., 2004) . Considering all these nutritional and health implication, it is hard to neglect the importance of eating fish which are rich in long chain n-3 PUFAs.
Current research indicated that fatty acid composition of the fish differs due to climatic condition, diet, age, maturity and type of species (Haliloǧ lu, 2004; Çelik et al., 2005; Ratkowsky, 1996; Kinsella, 1988; Saito et al., 1999) . Fish from tropical climate were found to have lesser amount of total lipids compared to those from arctic region. Besides, the lipids of fresh water feeds are characterized by linoleic (C18:2 n-6) and linolenic (C18:3 n-3) acids and EPA (Haliloǧ lu, 2004; Çelik et al., 2005) . While, the plankton of marine feeds present low levels on n-6 PUFA, of which EPA and DHA are the predominant acids (Justi et al., 2003) . Thus, marine fish are distinguished with high concentration of n-3 since they feed on planktons while fresh water fish mainly constitute n-6 fatty acids.
This study was conducted to determine fatty acid profiles of wild marine fin fish caught in Pulau Tuba area, near the popular tourist destination Langkawi Island, Malaysia.
MATERIALS AND EXPERIMENTAL DESIGN

1
Wild marine fin fish caught from Pulau Tuba area, near Langkawi Island, on 15 October 2004 were used as the samples of this study. The samples were washed with clean sea water at the point of collection, separated by species, packed in plastic bags and transferred to the laboratory under ice boxed where they were kept at 27 until analyzed. The entire reagents used during the analysis were of analytical grade. Menhaden oil (Sigma Chem. Co.) was used as standard PUFA.
2
Thirteen species commonly found in the study area were analyzed. The names, number and average weight and size of species analyzed are presented in . Prior to extraction of the oil the fish was thawed at 4 for 12 hours and duplicated samples of each type of fish as shown in were obtained from eviscerated fish consisting of flesh and skin. The fish lipids were extracted by Folch (1957) method with slight modifications. The fish samples were divided into three parts: head, stomach and tail. Representative samples from each part were homogenized with a mixture of chloroform and methanol (2:1, v/v). Sodium chloride solution (0.9%, NaCl) were added to the homogenate and centrifuged at 3000 rpm for 15 min at 4 after vortex three times for 30 seconds. The lower clear phase were collected and concentrated with a rotary evaporator at 35 . The concentrated lipid extract was quantitatively transferred to a vial. Aliquots were evaporated to constant weight under nitrogen to determine total lipid content.
3
Fatty acids contents of the total lipid extracted were determined by methlylation of 0.1 g of lipid with 1% sulphuric acid-methanol at 95 for 2 h. The lipid samples were placed in a test tube then 1 mL of toluene and 1 mL of the sulphuric acid-methanol were added and the mixtures were heated for 2 h at 95 . After cooling the samples under ice, 1 mL of water and hexane were added and the samples were vortexed and centrifuged. The methylated fatty acids were collected under hexane and evaporated by nitrogen gas and then reconstitute with hexane before running for gas chromatography (GC) for fatty acid analysis.
4
Routine analyses of fatty acid methyl esters (FAMEs) were performed by a Perkin Elmer gas cromatographymass spectrometer (GC-MS) Model Autosystem XL equipped with FID detector where hydrogen and compressed air were used. A capillary column (30m diame- "Duri" "Kintan" "Jenahak" "Kerisi" "Gelama kling" "Laban" "Malong" "Kembong" "Tinggiri batang" "Kerapu" "Kebasi" "Yu 9" "Bagi" 
108
Fatty Acid Profiles of Fin Fish in Langkawi Island, Malaysia
ter 0.25 mm film thickness) with split ratio of 50:1 was used to separate the esters. Hexane was used as a liquid phase for the sample. The analyses were performed at initial temperature of 160 for 5 minutes and raised to 250 for 10 min at a rate of 4 /min. Temperature of injector and detector was 280 . Helium gas was used as carrier gas flowing at 1 mL/min. The fatty acids compositions of the sample and fish oil were identified by comparison with retention times of known standard mixture (Sigma Chem. Co.) of fatty acids. Menhaden oil (Sigma Chem. Co.) was used as standard PUFA.
RESULTS AND DISCUSSION
1
The lipid contents of the different parts of fish studied are presented in . The lipid analysis was conducted for head, middle and tail parts of the fish. In general, it was found that "kintan" (Psettodes crumei) was the species with the highest lipid contents. It has 21.5% lipid in head, 13.8% (middle) and 14.4% (tail). "Duri" (Arius cumatranus) came second with 20.3, 13.6 and 14.2% for its head, middle and tail.
Fish are often classified on the basis of their fat content into lean fish, medium fat fish and fatty fish (Suriah et al., 1995) . Fish are termed as lean fish when total lipid is below 5% and fatty fish when the fat content is more than 10%. While medium fat fish have 5-10% fat by weight. Based on this classification, "kintan" (Psettodes crumei) and "duri" (Arius cumatranus) were classified as fatty fish, as the fat concentration in each part of the body was more than 10%. When looking at the head composition, "jenahak" (Lutianus agentimaculatus) could be also classified to that group. This species was also fatty in tail, but lean in the middle part. Four types of fish in this study, namely "kerisi" (Pristipomodes typus), "gelama kling" (Sciaena dussumieri), "kembong" (Rastrelliger kanagurta) and "kebasi" (Anadontostoma chacunda) were found to be medium fat fish according to their head lipid contents, while the others were lean.
For the middle parts of the fish body, "kerisi" (Pristipomodes typus) and "kembong" (Rastrelliger kanagurta) were also under the category of fatty fish. Two others; "malong" (Congresax talabon) and "jenahak" (Lutianus agentimaculatus) were medium fat, while the rest were lean.
Different from the head and middle parts, for the tail lipid content, many of the fish studied were fatty. Apart from "duri" (Arius cumatranus) and "kintan" (Psettodes crumei), four other types of fish were also considered fatty fish. They were "jenahak" (Lutianus agentimaculatus) (12.13%), "kerisi" (Pristipomodes typus) (10.45%), "gelama kling" (Sciaena dussumieri) (14.06%), and "laban" (Cynoglossus lingua) (14.06%). "Malong" (Congresax talabon), "tinggiri batang" (Scomberomorus commersoni) and "kerapu" (Epinephelus sexfasciatus) were found to be middle fat. Meanwhile, from this study it was found that only three types of fish were considered lean.
Results from this study revealed that fish lipids were not distributed uniformly in every part of the whole fish body "Duri" "Kintan" "Jenahak" "Kerisi" "Gelama kling" "Laban" "Malong" "Kembong" "Tinggiri batang" "Kerapu" "Kebasi" "Yu 9" "Bagi" Kinsella et al. (1977) , showing that the distribution of lipid contents from various parts of fish body, such as head, stomach and tail part was different. According to Piggot and Tucker (1990), apart from the body parts, the total lipid content in the fish also varies according to seasons, species and geographical variation. In the same species the differences can be observed also due to age variation, sex and maturity.
2
Detailed fatty acid compositions of the fin fishes studied are listed in . The compositions were based on the total fats of fish body from three different parts (i.e. head, middle, and tail). The most abundant of PUFA was C22:6 (DHA) (8.18-23.95%), while C20:5 (EPA) was also present in important proportion (7.13-19.61%). n-6 Fatty acids were also present in significant proportion. C18:2 n-6 ranged from 5.47-16.11%, while C20:4 n-6 had a range from0.34-13.41%.
For the case of saturated fatty acids, C16:0, C18:0 and C14:0 were found to be the most predominant ones for all types of fish studied. The same trend was observed by Viswanathannair and Gopakumar (1978) and Belling et al. (1997) . Lobb and Chow (2000) have also reported that the most abundant of saturated fatty acids in fish oil is C16:0. Palmitic acid was reported to be abundant since it is a key metabolite in fish and its level is not influenced by the diet (Ackman and Eaton, (1966) .
With exceptional of "duri" (Arius cumatranus) and "kerapu" (Epinephelus sexfasciatus), in general, the total PUFA contents were higher (48.57-54.36%) than the saturated fatty acids (33.02-47.07%) and MUFAs were the lowest (6.17-14.99%) in most of the fish studied. "Duri" (Arius cumatranus) and "kerapu" (Epinephelus sexfasciatus) were found to have a bit higher saturated fatty acid presented by 55.59% and 49.69% respectively. The trend of fatty acid of fin fish from seawater is slightly different when compared to the fresh water fish, where the concentrations of MUFA were higher than the saturated and PUFA (Suriah et al., 1995) . Other researchers have also shown that freshwater fish have lower contents of PUFAs (Vlieg & Body, 1988 ). The differences can be due to the fact that freshwater fishes feed mainly on vegetation and plant materials while marine fishes feed in zooplanktons, which is rich in PUFAs.
According to Piggot and Tucker (1990), the n-3: n-6 ratio is a better index in identifying nutritional value of fish oils of different species.
also shows the ratio of n-3: n-6 in fish studied. It is shown that the ratio of n-3: n-6 fatty acids of various fish in this study varied, ranging from 1.68 -4.13. Though there is no recommended intake in terms of n-3: n-6 ratio, evidence in wild animals and estimated nutrient intake during early human development suggest a diet ratio of 1:1 (Simopoulos, 1989 ).
Comparisons of EPA, DHA, AA contents, PUFA, saturated acids, and the PUFA/saturated acids ratio of fish studied and those of menhaden oil are given in . Menhaden oil has been proposed by USFDA (FDA, 1997) as a standard PUFA supplements. Results showed that the concentration of n-3 PUFA for the most of the fish studied ranged between 18.79-36.70%, as compared to that of menhaden oil (21.4%). Furthermore, the PUFA/saturated acids (SAT) ratio of the fish studied with exceptional of "duri" ranged between 0.66-1.47 while the standard menhaden oil had 0.58.
In terms of individual PUFA contents, most of the fin fish analyzed had higher contents of AA and DHA fatty acid than menhaden oil ( ). The AA of the fish studied ranged from 0.34 to 13.41%. However, majority of species had a concentration of 1.05 -7.16%. Only "duri" (Arius cumatranus) had a lower content of AA (0.34%) than menhaden oil (0.47%). AA is a precursor of prostaglandin and thromboxan which influence blood clotting and its attachment to the endothelial tissue during wound healing as well as growth development (Osman, et al., 2001) . As for DHA content, all the fish studied had higher percentage of DHA fatty acid, as compared to menhaden oil (7.9%). The highest level one was found in "bagi" (Aacnthurs nigrosis) (23.95%) which is three times higher than menhaden oil. However, for the EPA, most of the species studied had lower concentration (7.51 -11.53%) than the EPA concentration of menhaden oil (12.5%). This finding was in line with the finding reported by Osman, et al. (2001) and Wang et al. (1990) who reported similar results. The authors revealed that marine fish were rich in n-3 especially EPA and DHA.
CONCLUSIONS
Seafood-origin proteins and fatty acids play an important role in the human diet. The PUFAs are crucial in terms of human feeding physiology. In the light of literature and the findings, it can be concluded that fin fish found in Pulau Tuba in the Langkawi area, are beneficial for human health as they have considerable amount of PUFAs, especially AA and DHA fatty acids .
Species and Local Names
"Duri" "Kintan" "Jenahak" "Kerisi" "Malong" "Kembong" "Tenggiri batang" "Kebasi" "Bagi" "Yu 9" "Laban" "Kerapu" "Gelam Keling"
Marine catfish
Pseudorhombus
Golden snappers Values are means of duplicate analyses of n for each species as depicted in Table 1 Local Name Species EPA DHA AA PUFA n-3 PUFA n-6 SAT PUFA/SAT "Duri" "Kintan" "Jenahak" "Kerisi" "Malong" "Kembong" "Tinggiri batang" "Kebasi" "Bagi" "Yu 9" "Laban" "Kerapu" "Gelama kling" 
